Morphometric analysis is one of the important aspects of quantitative geomorphology which is primarily used to study the geometrical aspects of the landforms. The study was undertaken with the objectives of evaluating morphometric characteristic and prioritizing the watersheds of Bhadar basin based on its morphometric characteristics. Linear, relief and aerial aspects were calculated for watershed characterization. The watersheds were ranked on the basis of high values of linear parameters and low values of shape parameters. A total of 16 watersheds 5G1B1, 5G1B2, 5G1B3, 5G1B4, 5G1B5, 5G1B6, 5G1B7, 5G1B8, 5G1B9, 5G1B10, 5G1B11, 5G1B12, 5G1B13, 5G1B14, 5G1B15 and 5G1B16 were identified in the Bhadar basin and morphometric characteristic of each watershed was determined. Highest priority indicated the greater degree of erosion in the particular watershed and it therefore priority should be given in applying soil conservation measures. It was concluded that the watershed 5G1B15 should be given highest priority because of higher erosion problems over other watersheds of Bhadar basin while 5G1B4 should be given the least priority.
INTRODUCTION
The natural structure of any drainage basin and can be expressed in a quantitative way through measurement of aerial, linear and relief aspect (Horton, 1945) . Morphometric analysis represents the analysis of the configuration of the shape and dimension of landforms of earth (Agarwal, 1998) . The quantitative expression of drainage basin morphometry was first presented by Horton (1945) and after that, Strahler (1952) developed a stream order system. The quantitative analysis of morphometric parameters is has tremendous applications in evaluating river basin, prioritization of watersheds and management of natural resources (Malik et al., 2011) . The evaluation of morphometric characteristics is possible from analysing drainage parameters such as basin area, perimeter, stream orders, length of drainage channels, drainage density, stream frequency, bifurcation ratio, elongation and circulation ratio, texture ratio, basin relief, slope ratio, ruggedness number and length of over land flow (Kumar et al., 2000; Nag and Chakraborthy, 2003) . Morphometric analysis in a drainage basin is important for hydrological investigation and management of drainage basin (Rekha et al. 2011) . By field observation alone, it is difficult to examine all drainage networks due to their extent throughout basin and therefore advanced tools of Geographic Information System (GIS) is useful for extracting and evaluating the characteristic of the basin in terms of its hydrological response (Ali et al., 2017) . The morphometric characteristics gives an insight to the problems associated with watersheds such as runoff and erosion and therefore, these morphometric characteristics are useful in prioritizing the watersheds which needs appropriate soil and water conservation measures. Varade et al. (2018) analysed the morphometric characteristics of Dhaneri Watershed, Gambhar River Basin, Himachal Pradesh, India. The study area of Dhaneri watershed has been divided into seven sub-watersheds (I to VII) and investigated with respect to various morphometric aspects Various morphometric aspects of Dhaneri watershed showed good correlation, which indicated that the soil characteristics of the study area were governed by surface erosion phenomena. Relative weightage system involving hierarchal rankings to various morphometric aspects was used to evolve compound values showing low, medium and high land priority zones in the study area. It was concluded that the sub-watersheds 'V' and 'VI' needed formulation of proper development plans for harnessing their natural resources on urgent basis. Farhan et al. (2018) carried out prioritization of 76 fourth-order sub-watersheds using morphometric analysis of linear and shape parameters in a semi-arid drainage basin in Southern Jordan using GIS, morphometric analysis and multivariate statistics. Ranks were designated to each subwatershed on the basis of the calculated compound parameter. The total score for each subbasin was calculated based on the threat of erosion. Appropriate soil and water conservation measures should be planned based on the results to achieve agricultural sustainability in the study region. The study was undertaken with the objectives of evaluating the morphometric characteristics of the watersheds of Bhadar basin and prioritizing the watersheds based on their morphometric characteristics. 
MATERIALS AND METHODS
This section includes the methods used for morphometric analysis of watersheds and prioritization. The ArcGis software was used for calculation of the morphometric characteristics. The SRTM (Shuttle Radar Topography Mission) 30-m image of Saurashtra region with study area was used for the GIS interpretation (http:// earthexplorer.usgs.gov/). Morphometric analysis of watershed: The drainage map of basin was opened into the ArcMap environment. The stream ordering was done in ArcMap manually using Editor tool. Each stream segment was edited and stream order was given in attribute table simultaneously. The tools like Flip and Merge were used to change the direction of flow and to join the stream segment, respectively. Simultaneously the cartosat image of Gujarat state with study area was used to view the flow direction of each stream segment. The drainage map was then clipped into 16 watersheds using clipping tool for further geomorphological analysis. Linear aspects, Aerial aspects and relief aspects of watershed were calculated using the following equations given in Table 1 . Watershed prioritization: These linear parameters such as Bifurcation ratio (R b ), Stream Frequency (F s ), Length of overland flow (L g ), Texture Ratio (T) Drainage Density (D d ), and relief parameters like relief, relative relief and relief ratio bear a direct relationship with erodibility. Therefore, higher values of the linear parameters indicate higher erodibility. For watershed prioritization, rank 1 was assigned to the highest value of linear parameters, rank 2 was assigned to the second highest linear parameter value and so on, and the last rank was given to the least value of linear parameters. Shape parameters such as Elongation Ratio (Re), Form Factor (Rf), Circulatory Ratio (R c ) and Compactness Coefficient (C c ) do not have a direct relationship with erodibility; they are inversely related (Ratnam et al., 2005) . Therefore, if the value of shape parameters is low then it is an indication of high erodibility. Rank 1 was given to lowest shape parameter values, rank 2 was given to the next lower value of shape parameters and so on. A compound value (C p ) was obtained once the ranks considering the linear and shape parameters were added for each sub-watershed. Least priority was given to the watershed with the highest value of compound parameter and viceversa.
RESULTS AND DISCUSSION
The various geomorphologic parameters like linear, shape and relief parameters of the Bhadar river basin area were determined and summarized in Table 2 to Table 7 sheds with codes shown in Fig. 2 . The codes of the sub-watersheds are 5G1B1, 5G1B2, 5G1B3, 5G1B4, 5G1B5, 5G1B6, 5G1B7, 5G1B8, 5G1B9, 5G1B10, 5G1B11, 5G1B12, 5G1B13, 5G1B14, 5G1B15 and 5G1B16. The prioritization map of watershed of Bhadar river basin is shown in Fig. 3 . The Bhadar river basin is of 7 th order basin. The watersheds 5G1B15, consisted of 1 st to 7 th stream orders. The higher amount stream order indicated lesser permeability and infiltration in these watersheds. Drainage patterns of stream network from the basin have been observed as mainly dendritic type which indicated the texture homogeneity. The bifurcation ratio (Rb) ranged from 1.50 to 12 which meant that the geologic structures did not distort the drainage pattern..All watersheds showed drainage density more than 2 km/km 2 which indicated the presence of impermeable sub-surface, bare vegetation and high relief. The stream frequency for all 16 watersheds of the study area exhibited correlation which was positive with the drainage density which indicated that with the increase of drainage density stream population increased. The watersheds were found to be elongated in nature i.e. they assumed a pear shaped characteristics indicating high degree of integration. The elongated watershed with low value of form factor indicated that the basin had a flatter peak flow for longer duration. The low circularity ratio was observed in all watersheds indicating that they were more or less elongated in shape, which also indicated low discharge of runoff and highly permeability of the subsoil. Coarse texture was found in watershed 5G1B1, 5G1B2, 5G1B3, 5G1B5, 5G1B6, 5G1B10, 5G1B11 and 5G1B14 which mean that they had less runoff potential. The watersheds 5G1B4, 5G1B7, 5G1B8, 5G1B13 and 5G1B16 were of low relief region and remaining were of moderate relief region. It was noticed that the lower values in case of most watershed indicated the existence of basement rocks. In another study Wandre et al. (2015) morphometric characteristics were used for prioritization of Shetrunji river basin. Such study could prove very useful for watershed planners to implement the appropriate soil and water conservation measures to the prioritized watershed.
Conclusion
The individual values of compound parameters for the watersheds 5G1B1, 5G1B2, 5G1B3, 5G1B4, 5G1B5, 5G1B6, 5G1B7, 5G1B8, 5G1B9, 5G1B10, 5G1B11, 5G1B12, 5G1B13, 5G1B14, 5G1B15 and 5G1B16 were found as 8. .The ascending order of priority of watersheds was 5G1B7, 5G1B4, 5G1B11, 5G1B16, 5G1B10, 5G1B13, 5G1B6, 5G1B15, 5G1B9, 5G1B5, 5G1B2, 5G1B12, 5G1B8, 5G1B3, 5G1B1 and 5G1B14 respectively. Therefore the watershed 5G1B15 should be treated first while 5G1B4 at last. Highest priority indicated the greater degree of erosion in the particular watershed and it therefore priority should be given in applying soil conservation measures.
